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Interface electronics for smart sensing

in the Internet of Things
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Sensors are everywhere. Each day, we interact with hundreds of different sensors placed in homes, workplaces,
cars, phones and even on our bodies. They are used to sense movement, position, environmental conditions,

such as temperature and humidity, and biomedical parameters, such as heart rate and blood pressure. As such,
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sensors are an essential enabler for the Internet of Things (IoT): they constitute the first layer between the
physical world and the network since they collect the physical parameters to be analyzed and routed in the
upper layers of the IoT.

To generate the high-quality information required for IoT, simple traditional sensors are not sufficient and we
must resort to smart sensors, which combine the sensing transducers and their interface electronics, usually in
the same package. The weak signal from the transducer needs to be amplified, conditioned and converted to
the digital domain by the interface electronics, so that a robust digital signal can be further processed and
transmitted digitally. In addition to straightforward signal processing, the electronics in a smart sensor can
augment the sensor performance, for example in terms of linearity and bandwidth, while also allowing simpler
and better trimming and calibration. The ensuing simplified testing, together with the possibility to integrate
sensors and electronics in the same die and/or package, results in lower production costs. Lower costs,
increased performance and the ease of integration in a digital IoT node easily explain the ever-increasing
industrial interest in smart sensors.

This course will focus on the design of the interface electronics for smart sensors. We will deal with the
challenges faced by designers of interface electronics in typical smart sensors and review solutions and
alternatives, both looking at the system level and at the circuit level by focusing on specific circuit blocks, such
as amplifiers, analog-to-digital converters and reference circuits. The lectures will cover both introductory
material for beginners in the field and more advanced topics of interest for experienced designers. In addition
to the theoretical background, several relevant case studies will be presented both from academic and industrial

examples.
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After completing the course, participant will be able to:
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e Understand the basic functionalities of smart sensor systems;

¢ Identify the main sources of inaccuracy and noise in smart sensor interfaces;

e Understand and apply design techniques and circuit topologies to minimize noise and inaccuracy in
smart sensor interfaces;

e Analyze the design trade-offs in the design of electronic interface for smart sensors;

e Understand advanced state-of-the-art techniques to improve performance in smart sensor interfaces.
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e Electrical engineers interested in fundamentals of smart sensor design.

¢ Analog/mixed-signal designers and systems engineers interested in basic and advanced techniques for
interface electronics for smart sensors.

e Product, test, system, and application engineers involved in smart sensor testing and characterization.

e Researchers and graduate/undergraduate students interested in smart sensors and/or interface
electronics.

e Technical managers willing to understand smart sensors fundamentals and to grasp limitations and
future technology trends.
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1. Introduction to smart sensors-%7 g8 5 RS2 it

transducers and interface electronics; measurement and uncertainty: accuracy, precision,
stability; trimming and calibration; silicon sensors; smart sensor system design.
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2. Amplifiers for smart sensors-5 fi/& Ba% 1 Bk RS

Requirements for smart sensor applications; offset and flicker noise; dynamic
offset-compensation techniques: chopping, auto-zeroing and correlated-double sampling.
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3. Analog-to-digital converters-t%i% #5%:

Sampling and quantization; ADC performance metrics; architectures: Nyquist-rate
converters and oversampled data converters; figure of merits and efficiency; advanced ADC
architectures for smart sensors.
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4. References-Z:i::

References: references for sensor read-outs and their requirements; references for resistive
and capacitive sensors; references in analog-to-digital converters; current and voltage
references in CMOS.
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5. Advanced self-calibration techniques-& %2 B KRR AR:

Advanced offset-reduction techniques; techniques for gain matching and accuracy; system
calibration; dynamic-element matching.
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6. Case study — frequency references for IoT-Z 5t —IOT K ERE
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IoT requirements; system optimization; source of inaccuracy; overview of integrated
references: RC, LC, thermal-diffusivity-based, MOS-based, MEMS; ultra-low-power
references; temperature compensation; supply-voltage compensation; other effects.
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7. Case study — smart temperature sensors-ZEH|HF 77— EiEE LR
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Bandgap-based temperature sensors; temperature sensing in advanced CMOS processes:
bipolar-based vs. thermal-diffusivity-based temperature sensors; temperature sensors for
on-chip thermal management; future perspective: noise-based sensing and cryogenic CMOS
sensing.
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8. Case study — resistive sensor read-outs-Z 47— fH R (& RSk
.

introduction to resistive sensors and basic topologies; resistive magnetic sensors for
automotive applications; sensor requirements; multi-channel amplifier design for
automotive magnetic sensor; multi-channel analog-to-digital converters for automotive
magnetic sensors.
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